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What is the uncertainty in MODIS aerosol optical depth in the vicinity of clouds ? 
	
•  MODIS	 dark-target	 (DT)	 algorithm	 retrieves	
aerosol	op:cal	depth	(AOD)	using	a	Look	Up	Table	
(LUT)	approach	
•  Global	 comparison	 of	 AOD	 (Collec:on	 6	 )	 with	
ground-based	sun	photometer	gives	an	Es:mated	
Error	(EE)	of	±(0.04	+	10%)	over	ocean.	However,	
EE	does	not	represent	per-retrieval	uncertainty	
•  For	 retrievals	 that	 are	 biased	 high	 compared	 to	
AERONET,	 here	 we	 aim	 to	 closely	 examine	 the	
contribu:on	of	 biases	 due	 to	 presence	 of	 clouds	
and	per-pixel	retrieval	uncertainty	
• 	Develop	sta:s:cs	and	perform	a	
global	 land	 -	 ocean	 evalua:on	 of	
as	many	uncertainty	sources	as	we	
can	
•  	 Further	 Inves:gate	 uncertainty	
due	 to	 biases	 from	 cloud,	 snow	
contamina:on	
	
•  We	calculate	the	per-pixel	retrieval	uncertainty	from	
a)  Atmospheric	correc:on		
b)  Variability	in	reﬂectance	in	10	km	retrieval	area	
c)  Aerosol	model	assump:on	
d)  Surface	albedo	
e)  Cloud	 contamina:on	 or	 enhanced	 radia:on	 in	
vicinity	of	clouds	
	
•  Our	 aim	 is	 to	 quan:fy	 the	 uncertainty	 in	 retrieved	
AOD	due	to	as	many	diﬀerent	sources	as	we	can	and	
iden:fy	the	rela:vely	dominant	source	of	uncertainty	
in	AOD	retrieval	
From	the	above	results	we	ﬁnd		that	,	
•  Uncertainty	is	a	func:on	of	retrieved	AOD.		
•  Uncertainty	 from	error	 in	 ancillary	 data	 /	 gas	
absorp:on	correc:on	is	lowest	here	
•  Un c e r t a i n t y	 f r om	 s u r f a c e	 a l b e d o	
approxima:on	 is	 nearly	 double	 that	 from	
standard	devia:on	of	reﬂectance	within	10	km	
retrieval	region		
•  Largest	 uncertainty	 in	 over	 Ocean	 AOD	
retrieval	 comes	 from	 the	 mul:ple	 solu:ons	
that	yield	an	acceptable	retrieval	(See	Fig	1)	
Valida:ng	Per-pixel	Retrieval	
Uncertainty	
Introduc:on	
•  We	 have	 characterized	 AOD	 uncertainty	 at	
550	 nm,	 due	 to	 standard	 devia:on	 of	
reﬂectance	 in	 10	 km	 retrieval	 region,	
uncertainty	 related	 to	 gas	 (H2O	 ,	 O3)	
absorp:on	 ,	 surface	 albedo	 ,	 and	 aerosol	
models		
•  The	uncertainty	in	retrieved	AOD	seems	to	lie	
within	 the	 es:mated	 over	 ocean	 error	
envelope	of	±(0.03+10%)	
•  Regions	between	broken	clouds	 tend	to	have	
higher	uncertainty	
•  Compared	 to	 C6	 AOD,	 a	 retrieval	 omibng	
observa:ons	in	the	vicinity	of	clouds	(≤	1	km)	
is	biased	by	about	±	0.05	
•  For	 homogeneous	 aerosol	 distribu:on,	 clear-
sky	retrievals	show	near	zero	bias	
•  Close	 look	at	per-pixel	reﬂectance	histograms	
suggests	 retrieval	 possibility	 using	 median	
reﬂectance	values	
•  Quality	 ﬂags	 (	 =	 1	 ,	 2	 ,3	 over	 ocean	 )	 are	
helpful	
Conclusions	
Future	Work	
Cloud	Contamina:on	Issue	
	
Comparing	AOD	Uncertainty	
Approach	
Per-Pixel	Retrieval	Uncertainty	
•  When	compared	to	ground-based	AERONET	sun-photometers,	
clearly	 the	 performance	 of	 the	 algorithm	 is	 diﬀerent	 over	
diﬀerent	regions	and	seasons	
•  For	 most	 data-points	 within	 the	 EE	 envelope	 (dashed	 lines),	
the	uncertainty	is	within	EE	of	retrievals	over	ocean		
•  For	 retrievals	 with	 high	 uncertainty,	 the	 AERONET	 AOD	
standard	 devia:on	 is	 also	 large	 in	many	 cases	 and	 there	 are	
excep:ons	to	this	too	
•  For	outliers,	the	per-pixel	uncertainty	is	no	necessarily	large	–	
lets	take	a	close	look	at	an	outlier	below	
Ques&ons?			
Email:		falguni.patadia@nasa.gov	
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Schematic of One MODIS Granule 
Using Cloud Pixel Distance 
τ0 
τ20 
•  We have observations at 500 m, & 
•  Distance of every 500m pixel from a cloud  
We do the following calculation to estimate cloud 
contamination 
 
τ0    :  ALL pixels used in C6 
Τ20: pixels with cloud pixel distance > 20  (1 km 
away) 
 
Hypothesis : 
 
If C6 AOD retrieval has cloud contamination :  
τ20 - τ0 = Negative 
 
West Africa 
Izana 
Dakar 
•  Dust seen around the Dakar station 
•  Broken cloud fields co-exist 
•  MODIS AOD retrieval is of  
      Low Quality ( QA = 0)  
      Cloud Fraction = 0.7 
•  Uncertainty value suggests Precise but Inaccurate / Baised  retrieval ? Clouds? 
Exercise	1	:	What	can	we	learn	about	cloud	
contamina:on	from	our	retrievals	?	
	
Exercise	1	:	Results	
•  No:ce	 blues	 and	 reds	 in	 spa:al	 distribu:on	 of	 AOD	 diﬀerence	
[Figure	3	(a)	]		:			there	is	low	and	high	bias	around	cloudy	regions	
•  AOD	Diﬀerence	Histogram	[Figure	3	(b)	]	shows		
o  Gaussian	shape		
o  Δτ	≈	±	0.05	
o  Most	diﬀerences	within	±	0.03	
=>	Reasonable	overall	cloud	screening	
•  Low	Quality	ﬂags	=>	Clouds	contamina:on	
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•  Closely	 examining	 reﬂectance	 sta:s:cs	 of	 reﬂectance	 near	 and	 far	 from	
clouds		
•  Filtering	 out	 865	 nm	 reﬂectance	 (gray	 dots	 in	 [b])	 yields	 similar	 mean	
reﬂectance	when	atleast	10	pixels	away	from	clouds	
•  Sor:ng:	 Standard	
retrieval	 sorts	 clear-
sky	 (cloud	 masked)	
pixels,	 keeps	 only	
2 5 - 7 5 % , 	 a n d	
ca l cu la tes	 mean	
reﬂectance	 (Filtered	
reﬂectance)	
•  Here	 we	 examine	
AOD	 retrieved	 from	
Filtered	 (C6_AOD)	
v s . 	 U n ﬁ l t e r e d	
reﬂectance	
•  AOD	diﬀerence	 in	 (i)	
Clear-sky	 areas	 is	
less	 than	±0.004	 	 (ii)	
Cloudy	 regions	 is	
mostly	within	±0.05	
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C6_AOD – Unfiltered_AOD AOD Difference Histogram 
Reﬂectance	vs	Cloud	Pixel	Distance	Cloud	Pixel	Distance	
•  Looking	 at	 histograms	 of	 few	 pixels	 with	 good	 and	 bad	 AOD	
retrievals,	shows	that		
•  Reﬂectance	histogram	of	Clear-sky	pixels	 	 is	 guassian	à	 same	
means	in	table	above	
•  Reﬂectance	histogram	of	Cloudy	pixels	 is	 skewed	à	 ﬁlter	 cut-
oﬀ	will	govern	high	/	low	bias	in	AOD	
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Exercise	2	:	Inves:ga:ng	Reﬂectance	“Sor:ng”	
in	Clear	and	Cloudy	Areas	
	
Figure	 2	 Comparison	 of	 AOD	
and	 its	 uncertainty	 over	
AERONET	 sta:ons	 falling	 in	W.	
Africa	 is	 shown	 for	 4	 months	
(colors	 blue-red)	 of	 2010.	 The	
ver:cal	 lines	 in	 the	 plots	 are	
the	 total	 absolute	MODIS	AOD	
uncertainty	 from	 4	 listed	
sources.	 The	 horizontal	 lines	
are	 the	 standard	 devia:on	 of	
AERONET	 AOD	 averaged	 over	
± 3 0	 m i nu t e s	 o f	 MOD I S	
overpass.	Diﬀerent	symbols	are	
used	 for	 diﬀerent	 sta:ons	 in	 a	
region	
Figure	1		Using	Jacobian	approach	to	es:mate	each	of	four	
sources	of	uncertainty	for	all	retrieved	pixels	in	the	example	
MODIS	granule	shown	at	lev.			
L1B RGB Image to East of Africa                                                               550 nm AOD 
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